We report first investigations of high principal quantum number Rydberg states of the neutral triatomic deuterium molecule. The experiments were performed using a fast neutral beam photoionization spectrometer recently developed at Freiburg. A fast beam of metastable D 3 molecules was created by charge transfer of a D 3 ϩ beam in cesium. Rydberg states of D 3 were analyzed by pulsed-laser excitation using two-photon resonance-enhanced ionization, electric field ionization and autoionization. Our data identify the 2 p 2 A 2 Љ(NϭKϭ0) state of D 3 to be metastable with a lifetime of about 1 s. The spectral lines following excitation in the ultraviolet spectral range were assigned to s-type and d-type Rydberg-series converging to vibrational ground state, symmetric stretch excited and degenerate mode excited D 3 ϩ ion states. By a combination of vibrationally diagonal and non-diagonal transitions, we determined the ionization potential, the symmetric stretch and degenerate mode vibrational frequencies of the 2p 2 A 2 Љ state in D 3 . The data give insight into the influence of the coupling between the Rydberg electron and the ion core on the potential energy surface.
I. INTRODUCTION
The H 3 molecule, the simplest neutral polyatomic molecule, plays an important role in molecular physics. The system is ideally suited to study fundamental aspects of the electron-core interaction and it is sufficiently small for successful ab initio investigations. The H 3 molecule is also important for applications in hydrogen plasmas and in astrophysics. While the ground state of H 3 is repulsive, excited states exist which can be regarded as Rydberg states with a tightly bound H 3 ϩ core. They were first discovered by
Herzberg and coworkers [1] [2] [3] [4] in emission from an electrical gas discharge in hydrogen. Devienne, 5 Gellene and Porter 6 and Garvey and Kuppermann 7 found evidence for the existence of a metastable state of H 3 in fast neutral beams created by charge transfer of H 3 ϩ . The 2 p 2 A 2 Љ(NϭKϭ0) state is the only metastable state of H 3 ͑Ref. 8͒ and was used as a platform for laser-excitation/ionization experiments which give insight into the level structure and the dynamics of H 3 as well as that of H 3 ϩ . Photoexcitation into s-and d-type Rydberg series [9] [10] [11] [12] [13] was used to determine the vibrational frequencies of the 2 p . Experiments involving two-step laser-excitation processes were required in order to measure the symmetric stretch vibrational frequencies of the low principal quantum number Rydberg states 8, 14, 15 and to investigate p-and f -type Rydberg series which are not accessible by single photon absorption from the 2p 2 A 2 Љ state. 16, 17 All of the excited states of H 3 are embedded in the continuum of the repulsive ground state. Therefore, the lifetime of Rydberg states 18 is strongly influenced by predissociation due to coupling with the ground state. Several window resonances were discovered in the Rydberg series of H 3 ͑see Ref. 18 and references therein͒ and interpreted by the electron-core interaction due to mixing with neighboring states of different core excitation which are strongly predissociated. The nature of many of these window resonances is still unexplained.
The potential energy surfaces of the lowest Rydberg states 2s 2 A 1 Ј , and 2 p 2 A 2 Љ of H 3 were studied recently in an ab initio investigation by Peng et al. 19 By using different isotopes, the density and the location of the vibrational and rotational levels is changed with the electronic states remaining almost at the same energetic places. Thus, different regions of the potential energy surface are probed in D 3 and H 3 experiments. The electron-core coupling is also affected by the nuclear mass and can be studied in a comparison between different isotopomers.
Little is known about the vibrational spacings in the Rydberg states of D 3 . Some of them have been derived from vibrationally non-diagonal emission bands but the uncertainty was of the order of 10 cm Ϫ1 due to an unresolved rotational structure. 20, 21 The aim of our study is to spectroscopically identify the metastable states of D 3 and to measure the ionization potentials and the vibrational frequencies.
II. EXPERIMENT
A new fast beam collinear spectrometer recently developed at Freiburg was first employed in the study reported here. A schematic diagram of the apparatus which is similar to the setup at SRI-International 9,10,13 is presented in Fig. 1 . in a hollow cathode discharge source. The length of the cathode was 1.5 cm and the diameter was 1.2 cm. The source was operated at a pressure of about 1 mbar (10 ϩ2 Pa) and the cathode was cooled by liquid nitrogen in order to produce rotationally and vibrationally cold D 3 ϩ -ions. At these operating conditions, the ratio of D 2 ϩ to D 3 ϩ ion current was found to be of the order of 1:10. The ions were extracted through an aperture of 0.2 mm in diameter, and accelerated to an energy of 3.6 keV. A mass selection was performed using a Wien-filter. A small fraction of the D 3 ϩ -ions was neutralized by charge transfer in cesium vapor. After the charge-transfer cell, the unreacted ions were removed by an electric field. A 1 mm diameter aperture ͑AP͒ located 30 cm downstream of the charge transfer cell was used to stop products of dissociative charge transfer and to allow a beam of metastable D 3 molecules to enter the 120 cm long laser-interaction region. The photoexcitation or photoionization was performed by a pulsed dye-laser beam. At the end of the interaction region, D 3 ϩ photoions are detected by an energy analyzer ͑electric quadrupole deflector͒ and a microsphere plate ͑El Mul͒ connected to a fast discriminator ͑Ortec, Mod. 9302͒. Molecules which are excited to high principal quantum number Rydberg states are field-ionized in the electric field of the quadrupole deflector and can also be detected. Photoions and ions from electric field-ionization of high Rydberg states can be distinguished by applying a small electric field perpendicular to the flight path in the interaction region.
Since the velocity of the metastables in the neutral beam is about 1% of the speed of light, the photoions arrive at the detector in a time window of several s after the 10-15 ns wide laser pulse. The events were monitored by a synchronized, gated 200 MHz dual-counter ͑SRS, Mod. SR400͒. One of the counter channels ͑day-channel͒ was gated for the detection of photoexcitation-events created along the 120 cm interaction region during the laser pulse. The gate of the second channel was delayed sufficiently to register background events only ͑night-channel͒. The events in the dayand night-channels were accumulated for a preselected number ͑100 to 500͒ of laser shots. The data were then transferred to a laboratory computer and stored for further treatment. The background signal is typically 5ϫ10 Ϫ3 ions per s. Photoexcitation signals as low as 10 Ϫ2 events per laser shot are readily detected. The dye-laser ͑Scanmate 1, Lambda-Physik͒ was pumped by an Excimer-laser ͑LPX110, Lambda-Physik͒ operating at 308 nm ͑XeCl͒. The wavelength scan of the dye-laser was performed under control of the laboratory computer. A small portion of the laser light was directed into a hollow cathode discharge in neon or argon. The optogalvanic signal 22 was recorded by the laboratory computer and provided a reference spectrum of atomic lines. From the optogalvanic spectrum, we estimate the laser bandwidth to be less than 6 pm at 588 nm and 2.7 pm at 340 nm. After application of a linear correction to the laser wavelength scale, the measured optogalvanic lines coincided with the tabulated values 23 within 2 pm. The Rank-formula 24 was used to correct for the refractive index of air. The Dopplershift due to the motion of the fast neutral molecules was calculated from the acceleration voltage of the ion source. In order to test the accuracy of the calibration procedure, we generated a fast beam of atomic hydrogen in the 2s state by charge transfer of protons in cesium. We observed the np Rydberg series by field-ionization following laser-excitation from the 2s state. The series limit observed by us coincides within 0.15 cm Ϫ1 with the well-known ionization energy of the H(2s) state of atomic hydrogen, 27419.816 cm Ϫ1 .
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The number of ion events at the detector depends on the density of the metastable beam, the laser intensity, the transition matrix element and the ionization efficiency by the photo-, field-or autoionization process. The laser energy is not depleted by the low molecular density in the neutral beam. In the case of a collimated laser beam, the number of photoions or photoexcited molecules for a specific transition is proportional to the population of the metastable state. The duration of the laser pulse is short compared to the propagation time of the heavy particles along the interaction region. In the absence of any loss mechanism of the excited state population, the arrival time spectrum of the photoions reflects the distribution of excitable molecules along the laser interaction region. This allows us to determine the lifetime of the metastable state. For the time-of-flight measurements, we used a fast multistop time-to-digital converter ͑Fast-CMTE, Mod. 7885͒ with a resolution of 5 ns which was started by the signal of the photodiode and stopped by the pulses from the ion detector. The spectrum was accumulated in a histogramming memory ͑FAST Comtec MCD/PC͒ which was connected to the laboratory computer.
III. RESULTS AND DISCUSSION

A. Identification of the metastable state in D 3
The H 3 molecule was discovered by Dabrowski 
2 EЈ states. In addition, they are also subject to predissociation. The lifetimes of the nϭ3 Rydberg states were observed to be of the order of a few nanoseconds 20, 21, 33 which is short compared to the flight time of the neutral beam between the charge transfer cell and the aperture A. Contributions from very high n Rydberg states of H 3 in the neutral beam can be quenched by the deflection field after the charge transfer cell.
The considerations above concerning the electronic eigenstates, the optically allowed transitions and the coupling mechanisms remain in principle valid when the protons in the H 3 ϩ core are replaced by deuterons, except for the following details which make the experimental investigations more difficult. In the case of deuterons, the total wavefunction including nuclear spin has to be symmetric with respect to interchange of two identical nuclei ͑Bose statistics͒. In a totally symmetric electronic and vibrational state, the statistical weight of rotational levels with Kϭ0 alternates by a ratio of 10:1 between even and odd values of N ͑Ref. 34, p. 28͒. As a consequence, the
ϩ which is required to build the
state is much less populated than the corresponding ionic core state in H 3 ϩ . Indeed, we find the beam of 2 p 2 A 2 Љ(N ϭKϭ0) metastables to be by one order of magnitude weaker for D 3 than for H 3 at similar ion source conditions. This is in agreement with the observations by Gellene and Porter. 6 The Rydberg states are embedded in but do not cross the ground state potential energy surface. Since the width of the vibrational wavefunction decreases at higher nuclear masses, the Franck-Condon overlap which governs the strength of the vibrational coupling is expected to be smaller in D 3 than in H 3 . The lines of the 3d 2 EЉ→2s
2 A 1 Ј transition were observed to be much sharper in D 3 than in H 3 . 1 The rotational coupling is less effective in H 3 than it is in D 3 . In the emission study of the 3d 2 EЉ→2 p 2 A 2 Љ transition in D 3 , the linewidth was observed to be practically independent of N and K. 1 In our present setup, a molecular state has to survive the travel between the charge transfer cell and the aperture A in order to be available for the laser-excitation process. As a consequence, its lifetime has to be of the order of one hundred nanoseconds or longer. It is unlikely that the lifetimes of 2 p 2 A 2 Љ states with NϾ0 which for H 3 were observed to be in the picosecond range 18 increase by five orders of magnitude in the case of D 3 . Hence, we expect our spectra to arise only from molecules in the metastable NϭKϭ0 rotational level. In the following, we discuss the identification of the lower state in our photoexcitation study.
In Fig. 2 , the two-step photoionization spectrum of longlived D 3 molecules formed by charge transfer of D 3 ϩ in cesium is presented in the 17320 cm Ϫ1 to 17355 cm Ϫ1 energy range. The Doppler-shift due to the motion of the target in the laboratory system was corrected for the counterpropagating laser and neutral beams. Two pronounced peaks 4 We interpret this as a proof for the existence of the 2p
2 EЉ(N ϭ1, Gϭ0, Rϭ1) upper state is sufficiently long-lived to be ionized by a second photon from the same laser pulse and can therefore be detected in our apparatus. According to the ab initio calculation by King and Morokuma, 26 the dipole moment of the 2p 2 A 2 Љ→3d 2 EЉ transition is 8.15 a.u. which is comparatively large. At a pulse energy of 2 mJ of our laser, the excitation step is saturated which leads to a powerbroadening. This explains the comparatively large linewidth of about 1.5 cm Ϫ1 FWHM observed for peak A in Fig. 2 . The peak height is mainly determined by the ionization probability of the excited state and we observed it to scale almost linearly with the laser pulse energy.
The assignment of the narrow peak B in Fig. 2 at 17328.8 cm Ϫ1 is not clear at the moment. An experimental artifact due to laser-light scattered into the backward direction from the aperture behind the charge-transfer cell exciting the 2p
2 EЉ(Nϭ1, Gϭ0, Rϭ1) transition should appear Doppler-shifted to the high-energy side of peak A and therefore can be excluded. In the optogalvanic spectra, no indication was found for a multifrequency operation of the dye-laser. Peak B could be either a transition starting from a vibrationally excited 2p 2 A 2 Љ metastable state or a non-resonant two-photon transition from the 2p 2 A 2 Љ vibrational ground state into an autoionizing vibrationally core excited Rydberg state. We observed that Peak B scales quadratically with the laser power which favors the second explanation. For a systematic investigation and final assignment, the excitation and the ionization photon must be provided by separately tunable synchronously pumped dye-lasers.
B. Photoexcitation of high Rydberg states of D 3 in vibrationally diagonal series
In Fig. 3 , the photoexcitation/ionization spectrum of the D 3 2p 2 A 2 Љ molecule between 27750 cm Ϫ1 and 29610 cm Ϫ1 is presented. In the 28920 cm Ϫ1 to 29610 cm Ϫ1 frequency range, the dye PTP was used and in the frequency range below 28920 cm Ϫ1 the dye DMQ was used. Most of the lines can be assigned to one of five different Rydberg series which are marked by the tick spectra labelled 1 to 5 in Fig. 3 . The line positions were fitted by the Rydberg formula,
with R y ϭ109727.353 cm Ϫ1 the Rydberg constant for triatomic deuterium. The series limits E lim and the quantum defects ␦ of the five series are listed in Table I along with the range of principal quantum numbers observed and used in the fit. The residuals of the five series are presented in Fig. 4 . For quantum numbers above nϭ14, the observed and fitted line positions generally agree within the systematic uncertainty of our wavelength calibration. . We conclude that all series marked in Fig. 3 
Rydberg states according to the selection rule ⌬K ϭ0, ⌬NϭϮ 1 for parallel transitions. ϩ cores. Therefore, series 1 and 2 are assigned to transitions starting in the ground vibrational 2 p 2 A 2 Љ state. This is in line with the observation that series 1 reveals by far the highest intensity. Since the source was cooled to liquid nitrogen temperature, we expect the ground vibrational level to be the most populated level in the D 3 ϩ beam. The vibrational population is not expected to be modified significantly in a near-resonant charge transfer process.
The fit to the line positions of series 1 between nϭ20 and nϭ80 by the Rydberg formula 2 requires a quantum defect of 0.016. The lines of series 2 which are by one order of magnitude weaker than those of series 1, are clearly separated in the spectrum Fig. 3 in the nϭ22 to nϭ31 range but blend with lines of series 1 at higher n values. The quantum defect of series 2 was found to be 0.08. In the hydrogen atom, the dipole moment for transitions from the 2p state into the nd series is by a factor of about 16 higher than that into the ns series at high principal quantum numbers ͑Ref. 36, p. 264͒. Therefore, we assign series 1 to the transition from the vibrationless 2p ( 1 , 2 , N,K) . The observed quantum defect of the nd1-series is very similar to the value of 0.0189 observed for the corresponding series in H 3 . 10 The vibrationless ns1-series was not observed in H 3 . Apparently, due to predissociation the lifetime of the lower n states of the ns1-series in H 3 is shorter than the travel time along the laser-interaction region. The larger quantum defect of the s-series compared to that of the d-series can be understood by the higher overlap of the electronic wavefunction with the ion core leading to a higher effective charge. By similar considerations, series 3 and 4, which have quantum defects of 0.014 and 0.08, respectively, are assigned to nd and ns Rydberg series converging to a vibrationally excited D 3 ϩ core. The lines of series 5, which are weaker than those of series 3, can be fitted with a quantum defect of 0.015 which makes an assignment to a nd series very probable. There are indications for the existence of a corresponding ns series, but their intensities are too small to make a clear statement.
The assignment of the core vibrational excitation of series 3 to 5 can be performed based on the lowest principal quantum number lines observed in the spectra. Since Rydberg states with principal quantum numbers below nϭ20 cannot be field-ionized in the quadrupole deflector, low-n Rydberg states can only be detected by autoionization in the case of a single-photon excitation process. The rovibrational levels of D 3 ϩ are very well known. The vibrational sequence of the degenerate mode ( 2 ) was measured and the vibrational and rotational constants of the symmetric stretch sequence ( 1 ) were predicted by Amano et al. 35 using the abinitio potential energy surface by Meyer, Botschwina and Burton. 38 This allows us to calculate the energy E ϩ ( 1 , 2 ) of the D 3 ϩ ( 1 , 2 ,N ϩ ϭ1,K ϩ ϭ0) ion core above the D 3 ϩ ͑0,0,0,0͒ state listed in column 2 of Table III. The minimum effective principal quantum number (nϪ␦ ) required for vibrational autoionization which is listed in column 3 of Table III was calculated from the energy difference E ϩ ( 1 , 2 ) Ϫ E ϩ (0,0) using the Rydberg-formula ͑2͒. We find no indication for lines with nϭ6 in the observed spectra which restricts the possible core states of series 3 to 5 to the lowest vibrational states ( 1 ϭ0, 2 ϭ1͒ and ( 1 ϭ1, 2 ϭ0͒. This is in line with the low vibrational temperature of the D 3 ϩ ions in the primary beam which is expected not to be changed by the near-resonant charge transfer process. According to Table III, the autoionizing lines of the ns1-and nd1-series built on ( 1 ϭ1, 2 ϭ0͒ and ( 1 ϭ0, 2 ϭ1͒ cores are restricted to nу7 and nу8, respectively. The inset in Fig. 3 shows the photoionization spectrum in the 27240 cm Ϫ1 to 27330 cm Ϫ1 energy range. We observe three peaks, labelled A to C. Any peak in this spectral range resulting from a vibrationally diagonal transition must be due to a n ϭ7 upper state. None of the peaks in Fig. 3 can be assigned to series 3. The position of peak B is in excellent agreement with the prediction of series 5 for nϭ7 with a residual less than 0.3 cm Ϫ1 . This leads us to conclude that series 3 and 5 are nd1 series with ( 1 ϭ0, 2 ϭ1͒ and ( 1 ϭ1, 2 ϭ0͒ core vibrational excitation, respectively. Series 4 is assigned to the ns1-series with a ( 1 ϭ1, 2 ϭ0͒ core. Our assignment is supported by preliminary results of a two-photon depletion experiment which shows that the peaks A, B, C and the n ϭ8 peak of series 5 originate from the same lower state. The quantum defects of peaks A and C calculated from the 29547.8 cm Ϫ1 limit of the nd1-( 1 ϭ1, 2 ϭ0͒ series are 0.09 and Ϫ0.002, respectively. Peak A results most likely from the 7s1 ( 1 ϭ1, 2 ϭ0͒ state. Peak C could be an interloper state from the g-series. The final assignment is not possible at present and requires further investigation by twophoton excitation/depletion experiments.
C. Vibrationally non-diagonal transitions
The photoionization spectrum of metastable D 3 molecules in the 29640 cm Ϫ1 to 29710 cm Ϫ1 photon energy range is shown in Fig. 5 . This spectral range lies in the continuum of the five Rydberg series discussed above. Two features labelled by A and B are observed in the spectrum. The asymmetric line-profiles are typical for interference in excitation to the discrete autoionizing states and the ionization continuum. The line shapes were fitted by Fano-type profiles, contains the photon energy E, the line-width ⌫ and the position of the resonance E 0 . The slight shift between the unperturbed state and the center of the resonance discussed by Fano 39 cannot be determined experimentally and is incorporated in E 0 . We introduced an additional parameter ␣ which allows for an incoherent admixture of continua excited from other lower state levels which do not interfere with the autoionizing state. The parameter q describes the ratio of the transition probabilities to the discrete and the continuous states. In order to take the finite spectral resolution into account, a convolution with a Gaussian line profile was performed. This inhomogeneous linewidth, comprising the laser bandwidth and the Doppler broadening due to the finite neutral beam divergence, was estimated to be 0.2 cm Ϫ1 FWHM from the high principal quantum number lines of the fieldionizing series. The values of the fitted parameters E 0 , ␣, q, and ⌫ are listed in Table II . The location of the feature E 0 turns out to be quite insensitive to a variation in the selected width of the apparatus function whereas the parameters ␣, q, and ⌫ may be influenced by as much as Ϯ50%. Despite the large systematic uncertainty, the values are still good enough for the following considerations.
The comparatively large values of ␣ suggest that the lower state of both features is the 2p 
The results are listed for peak A at E f ϭ 29652.6 cm Ϫ1 in columns 4 and 5 and for peak B at E f ϭ 29700.7 cm Ϫ1 in columns 6 and 7 of Table III. Since the Franck-Condon factors for vibrationally non-diagonal transitions are rapidly decreasing with increasing difference in vibrational excitation, we expect the upper states to have at most one quantum of vibrational core excitation. In the case of H 3 , the quantum defects of series converging to a N ϩ ϭ1,K ϩ ϭ0 excited core state have been observed to be close to zero, 10, 12, 16, 17 17 There is no reason for this tendency to change in the deuterated species. Therefore, the only reasonable assignment for Peak A is an nϭ7 upper state with a ( 1 ϭ1, 2 ϭ0͒ core. For the electronic wavefunction, we have the choice between an s-and a d-type orbital. If Peak A in Fig.  5 would belong to the s-series, we would expect a corresponding peak of the d-series about 30 cm Ϫ1 higher in frequency and by one order of magnitude stronger in intensity which is not observed. Thus, we assign Peak A in Fig. 5 to the D 3 
p
For peak B at 29700.7 cm Ϫ1 the most reasonable choice is ( 1 ϭ0, 2 ϭ1͒ with nϭ8 and a quantum defect of ␦ϭ0.05. Since the excitation of degenerate mode vibration consumes angular momentum from the photon field, the upper state electronic wavefunction must be a p-type orbital. For peaks A and B, the parameters q-and ⌫ differ by about one order of magnitude which is indicative of completely different excitation mechanisms. According to Fano, 39 the ratio between the transition probabilities into the discrete autoionizing state ͉͗⌽͉T͉i͉͘ 2 and the continuum ͉͗⌿ E ͉T͉i͉͘ 2 ,
can be expressed by q and ⌫ according to equation ͑6͒. Both features in Fig. 5 arise from a common lower state and the excitation probability into the continuum does not depend strongly on the excitation energy. From the fitted values of q and ⌫ listed in Table II , we estimate the transition probability into the upper state of feature B,
to be by a factor of 0.07 smaller than that of feature A. This observation supports the assignment of feature B to a p -p type transition which is dipole-forbidden but mediated by the degenerate mode vibrational excitation. Such transitions from the 2 p Lembo et al. 15 The np-Rydberg series in H 3 was investigated by a two-photon excitation process via the 3s 17 The N ϩ ϭ1,K ϩ ϭ0 core excitation can be coupled with the p-electron to give A 2 Љ series with Nϭ0 and Nϭ2, and a EЈ series with Nϭ1. Lembo et al. 17 observed a quantum defect of 0.05Ϯ 0.01 for the A 2 Љ series with Nϭ0.
This value agrees with that listed in Table III for a ( 1 ϭ0, 2 ϭ1͒ core excitation and supports our assignment of feature B in Fig. 5 to the 2p Table III which are based on a direct spectroscopic investigation of the 2 series in D 3 ϩ . 35 By combination of this value with the 29601.0 cm Ϫ1 limit of the 2p 35 The vibrational spacings deferred from the experimental results are enclosed in boxes. 37 are included in Table IV for comparison. For the protonated as well as the deuterated species, the vibrational separations in the 2p 2 A 2 Љ state of the neutral molecules are about 2% to 4% larger than those of the ion. This indicates that the 2p Rydberg electron increases the bond strength of the ion core. Interestingly, this increase is by 50% higher for the degenerate vibration mode than for the symmetric stretch vibration. The degenerate mode vibration is lower in energy and the vibrational wavefunction is localised closer to the origin where the effective charge distribution of the 2p orbital is higher.
The vibrational frequency of a particle of mass m moving in a pure harmonic potential is proportional to 1/ͱm. In Table IV 
01355u).
The relative deviations from the ratio r are indicative of the anharmonicity of the potential and therefore are included in Table IV . The values are generally negative which means that the bond becomes softer with increasing energy of the vibrational state above the potential minimum. This effect is more pronounced for the degenerate mode vibration than for the symmetric stretch mode.
E. Lifetime of the 2p
2 A 2 Љ state in D 3 In Fig. 7 , the arrival-time spectrum of the photoions following laser-excitation of the 2p 2 A 2 Љ metastables into the ionization continuum at 338.0 nm is presented. The resolution of the time-to-digital converter was 5 ns. Since the velocity of the neutrals is known, the time-of-flight can be mapped onto the position where the ions were created. The sharp peak at 50 ns is produced by scattered UV-photons from the laser pulse and marks the zeropoint of the timescale. A sharp step in the signal occurs at 800 ns. This amount of time is required for the photoions to travel from the entrance aperture of the quadrupole deflector to the microsphere plate detector. The modulations observed between 3600 ns and 4200 ns are produced by stray magnetic fields which distort the propagation of the photoions and thus reduce the collection efficiency in the detector. Photoions produced in the region between the charge transfer cell CT and the aperture ͑A in Fig. 1͒ are removed by the electric deflection field. This leads to the fast drop in signal for times greater than 4200 ns. The events above 6000 ns are not related to the laser pulse and are used to determine the background level. The range between 800 ns and 3600 ns corresponds to a comparatively field-free part of the laserinteraction region. In this range, the spectrum shows the exponential decay of the metastable density along the beam propagation. From a fit of a single exponential to the measurement, we find a decay time of ϭ1.03 s. The fitted curve is indicated by the solid line in Fig. 7 .
Due to the selected laser wavelength, the signal contains contributions from different vibrational states of the 2p 2 A 2 Љ metastables. The measurements can be improved by exciting selected lines of the Rydberg series. This will be done in a separate investigation. The main contribution to the observed signal comes from ionization of the 2 p 2 A 2 Љ͑0,0,0,0͒ state which constitutes the majority of the metastable beam. Systematic uncertainties arise from the finite laser beam and neutral beam divergences which affect the collection efficiency of the photoions as a function of the position on the beamline. We estimate the systematic uncertainty to be about Ϯ30%. The value of ϭ1.03 s in D 3 is comparable in size to the 640 ns lifetime observed for the H 3 2 p 2 A 2 Љ(NϭKϭ0) state. 28 This may indicate that the lifetime of the metastable state in H 3 and D 3 is limited by the same decay mechanism which is most probably a vibrationally non-diagonal radiative transition onto the unstable ground state potential energy surface. 28, 31 
IV. CONCLUSIONS
The metastability of the D 3 sociation is much weaker in D 3 than in H 3 . Fano-type line profiles were observed in the continuum above the first ionization level of the 2p 2 A 2 Љ͑0,0,0,0͒ state and assigned to vibrationally non-diagonal transitions into 8p1(0,1,1,0) and 7d1 (1, 0,1,0 3 , we find that the 2 p 2 A 2 Љ Rydberg electron increases the symmetric stretch mode frequency by 2% and the degenerate mode frequency by about 3.6%. Due to the anharmonicity of the potential energy surface, the ratios between the vibrational frequencies in H 3 and D 3 were found to deviate by about 2% from those of the harmonic oscillator.
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